Objective: To investigate the prognostic significance of chromosomal aberrations of chromosomes X and 11 in relation to disease-specific survival in head and neck squamous cell carcinoma.
C

HROMOSOMAL AND GENETIC
aberrations occur in all humancancertypesincluding squamous cell carcinoma (SCC)oftheheadandneck (HNSCC). 1 Chromosomal and genetic aberrations disrupt normal cellular processes, such as cell signaling, cell cycle progression, and apoptosis and may thus result in an increased proliferation and/or reduction of apoptosis, thereby contributing to tumorigenesisandtumordevelopment.Subsequent geneticchangesintumorcellscouldthencontribute to other phenotypic changes that result in increased malignancy and a more aggressive behavior. Therefore, chromosomal and genetic aberrations in tumors may influence the clinical outcome and thus the prognosis of patients.
Chromosomal and genetic aberrations have been widely investigated in HNSCC. By means of different techniques, including cytogenetic analysis, 2,3 molecular genetic analysis, 4, 5 comparative genomic hybridization, 6, 7 and fluorescence in situ hybridization, 8, 9 chromosomal and genetic aberrations have been reported within almost all chromosomes in HNSCC. 10 Chromosomal and genetic aberrations of chromosome 11 are common in a variety of malignanttumorsincludingHNSCC. 10, 11 The most studied region in chromosome 11 is 11q13 because there are several important cancer-related genes in this region, includingcyclinD1,hst-1,int2,EMS1,andTaos1. [12] [13] [14] [15] [16] Genes in other regions of chromosome 11, such as 11q23 and 11q25, may also be associated with the development of HNSCC. 17 Chromosomal abnormalities in 11q13, including amplification of the cyclin D1 gene (CCND1), have been suggested to correlate with poor prognosis in HNSCC. [18] [19] [20] [21] Chromosomal and genetic aberrations of chromosome X have been investigated in several types of tumors such as breast carcinomas, prostate carcinomas, and uterine cervical cancer. [22] [23] [24] Studies have indicated that genes located on chromosome X, such as the estrogen receptor (ER) gene, androgen receptor (AR) gene, and the testis can-cer-specific antigen gene family (MAGE, BAGE, GAGE, PRAME, and NY-ESO-1) may play an important roll in tumorigenesis and tumor development. [23] [24] [25] [26] Genetic studies of chromosome X in HNSCC are, however, few.
In the present study we used 2 centromeric DNA probes for detection of chromosome X and chromosome 11 by means of fluorescence in situ hybridization technology to detect possible chromosomal aberrations in HNSCC. Correlations between chromosomal aberrations and clinical parameters were tested, as well as whether chromosomal aberrations might have prognostic value. Table 1 presents the treatment and the sites of the tumors. Patients treated with surgery followed by radiotherapy received 50 Gy toward the primary site and neck. For patients treated with radiotherapy followed by surgery, the radiation dose was 66 to 70 Gy for the primary tumor and 50 to 60 Gy for the neck. Fourteen patients died of disease.
METHODS
HISTOPATHOLOGICAL ANALYSIS
Successive 5-µm sections were cut from the frozen tumor specimens and the normal oral mucosa and mounted on slides. One section stained with hematoxylin-eosin was used to verify the initial routine histopathological diagnosis of SCC.
FLUORESCENCE IN SITU HYBRIDIZATION
In brief, sections were placed on polylysine-coated slides. The slides were incubated in 4% formaldehyde in phosphate-buffered saline for 10 minutes at 4°C, then washed in phosphate-buffered saline 2ϫ5 minutes. Dehydration was carried out in 70%, 80%, and 95% ethanol for 2 minutes each at room temperature, followed by air drying. The sections were incubated with 10-µL hybridization mixture (1-µL probe mixed with 20-µL of Hybrisol VI [Oncor, Gaithersburg, Md]) for chromosome X ␣-satellite (DXZ1) probe or for chromosome 11 ␣-satellite (D11Z1) probe (Oncor) and sealed with rubber cement around a coverslip. After denaturation at 80°C for 10 minutes, hybridization followed at 37°C overnight. The sections were then washed for 5 minutes in 2ϫSSC (20ϫSSC=3M sodium chloride and 0.3M sodium citrate, pH7) at room temperature, washed twice in 50% formamide/ 2ϫSSC for 15 minutes at 42°C, and rinsed twice in 2ϫSSC for 7 minutes at 42°C, followed by incubation with 100 µL of 2% bovine serum albumin in phosphate-buffered saline for 15 minutes at 37°C. Sheep antidigoxingenin fluorescein isothiocyanate (1:100; Boehringer Ingelheim Pharmaceuticals Inc, Ridgefield, Conn) and rabbit anti-sheep fluorescein isothiocyanate (1:100; DAKO Corporation, Carpinteria, Calif) antibodies were used to visualize the signals after incubation for 30 minutes each at 37°C. The slides were counterstained with 4Ј6Ј-diamidino-2-phenylindole (DAPI; Molecular Probes, Eugene, Ore), and the signals were visualized with a Zeiss Axioplan fluorescence microscope (Carl Zeiss, Oberkochen, Germany). Fluorescent signals were counted in more than 200 nuclei with a ϫ100 oil immersion lens according to the criteria described by Hopman et al. 27 Only nonoverlapping nuclei with intact morphologic features were evaluated. Completely separated signals with more or less the same homogeneous staining intensity were counted. Minor hybridization spots, which could be recognized by a smaller size and lower intensity, were excluded. Paired or closely opposed spots were counted as 1 signal.
When 20% or more of nuclei in a tumor exhibited abnormal copy numbers for chromosome X or 11, it was classified as a numerical aberrant with respect to these chromosomes. Furthermore, signal numbers per nucleus more than double the normal copy number were considered as an amplification.
The assessments were performed without knowledge about the clinical outcome. Six months after completion of the evaluation, 8 sections were processed in the same way again to evaluate the reproducibility of the method.
STATISTICAL ANALYSIS
The data were analyzed using SAS 6.12 statistical software (SAS Institute, Cary, NC). The 2 test was used for comparison of chromosomal aberrations of chromosomes X and 11 in relation to survivors and nonsurvivors. The Pearson test was used to test the correlation between parameters. With the cutoff levels for each parameter having been decided, the log-rank test was used to test the prognostic significance for clinical parameters and parameters of chromosomal aberrations. A case was censored if death resulted from unrelated diseases or if the patient was alive with no evidence of the original tumor at the last follow-up consultation. Kaplan-Meyer plots were used to illustrate the effect of selected variables in relation to disease-specific survival. The proportional hazards regression analysis (Cox regression model) was performed by the backward procedure. PϽ.05 was considered statistically significant. The reproducibility was tested by means of the least squares regression analysis.
RESULTS
In normal epithelium, more than 80% of the nuclei showed normal copy numbers for both chromosome X and chromosome 11 (ie, disomy for chromosome 11 and chromosome X in women and monosomy for chromosome X in men). All tumors showed numerical aberrations for chromosome 11, whereas 37 tumors (93%) showed numerical aberrations for chromosome X. The means of frequencies of numerical aberrations were 48% (range, 10%-86%) for chromosome X and 57% (range, 31%-77%) for chromosome 11. The means of frequency distributions of centromeric signals are shown in Figure 1 for chromosome X and in Figure 2 for chromosome 11, in normal oral epithelium and in HNSCC, respectively.
Numerical aberrations of chromosome 11 correlated positively with the T and N classification (P = .03 and P =.02, respectively) and with clinical stage (P=.02). No correlation was found between numerical aberrations of chromosome X and clinical variables or between numerical aberrations of chromosome X and numerical aberrations of chromosome 11.
Patients with a value above the mean value of numerical aberrations for both chromosome X (48%) and chromosome 11 (57%) had shortened disease-specific survival compared with those with values below the mean (P = .03 and P = .006, respectively). Using a plot diagram, we found that 46% for numerical aberrations of chromosome X and 38% for chromosome 11 gave the best cutoff level regarding patient clinical outcome (P=.008 and PϽ.001, respectively).
A better prognosis was associated in patients whose tumor had a trisomic value for chromosome 11 below the overall mean (23%, Figure 2 ) compared with those whose tumor had a trisomic value greater than the mean value (P=.045). Interestingly, 7 patients (50% of nonsurvivors) with trisomy values of chromosome 11 of 35% or higher all died from disease within 3 years (PϽ.001). Moreover, a poor prognosis was associated in patients with more than 8% of tumor nuclei amplified for chromosome 11 (Ͼ4 signals per nucleus) compared with those with values below 8% (P=.02). No correlation was found between clinical outcome and either loss of 1 arm of chromosome 11 (1 signal) or amplification of chromosome X (Ͼ4 signals for women or Ն3 signals for men, respectively). Table 2 summarizes the results of the log-rank analyses for clinical parameters and parameters of chromo- somal aberrations for chromosome X and chromosome 11. All parameters, except T classification, were significantly associated with disease-specific survival. Figure 3 shows the Kaplan-Meier plots for numerical aberrations of chromosome X and chromosome 11 in relation to diseasespecific survival, whereas Figure 4 shows trisomy of chromosome 11 in relation to disease-specific survival. Multiple regression analysis (Cox method) revealed that treatment, numerical aberrations of chromosome X, and trisomy of chromosome 11 were significant independent variables.
Least squares regression analysis resulted in the R 2 value of 0.81 and 0.79 for chromosome X and chromosome 11, respectively.
COMMENT
In the present study, we demonstrate for the first time, to our knowledge, a correlation between numerical aberrations of chromosome X and prognosis in HNSCC. Patients having tumors with high frequencies of numerical aberrations of chromosome X (Ն46% of nuclei) had a poor prognosis compared with those with low values (Ͻ46% of nuclei). Although our results give no information about specific genes located on chromosome X that may be involved, accumulated evidence indicates that genes located on chromosome X play an important role in tumor biological behavior in some types of tumors, such as the estrogen receptor gene (ER) in breast cancer and the androgen receptor gene (AR) in prostate carcinomas. 22, 23 Recently a group of genes known as testis cancer-specific antigen gene family (MAGE, BAGE, and GAGE) has been identified. Several genes in this family such as MAGE genes and GAGE genes are located on chromosome X. 28, 29 Expression of MAGE genes located in the q28 region of chromosome X has been observed in several tumor types including HNSCC but not in normal tissues. 25, 26 Expressions of MAGE gene products have also been reported to correlate with prognosis in ovarian cancer, non-small cell lung cancer, and esophageal SCC. [30] [31] [32] Our findings are consistent with the hypothesis that these genes may be of importance also for tumor development and thus prognosis of HNSCC.
In the present study, we show in HNSCC that numerical aberrations of chromosome 11 was associated with the T and N classification and consequently with clinical stage. Our results are in accordance with the findings shown in previous genetic studies of other tumor types such as breast cancer and ovarian cancer. 33, 34 The results may reflect abnormality of a single gene or of a group of cancer-related genes located on chromosome 11. Previous studies on chromosome 11 in HNSCC have mainly focused on the region 11q13, 18, 35 where several important cancer-related genes such as CCND1, hst-1, int2, EMS1, and Taos1 are located. [12] [13] [14] It has been reported that chromosomal abnormalities at 11q13 and amplification of the cyclin D1 gene were associated with poor prognosis in HNSCC. [18] [19] [20] [21] In the present study, we show that amplification of chromosome 11 correlates with poor outcome, and interestingly, all 7 patients (50% of nonsurvivors) with a trisomy value of chromosome 11 of 35% or higher died from disease within 3 years. This is consistent with the 11q13 locus and cyclin D1 region being of importance and suggests a gene dosage effect implicated in tumor progression.
Our investigation suggests that numerical aberrations of chromosomes X and 11 are positively associated with more aggressive tumor growth and thus are of prognostic value in HNSCC. This finding should be confirmed by further study with a large number of patients with HNSCC. 
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